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Information search in a distributed environment is an
interactive process between the user and the artifact.
How the information is distributed across the user and the
artifact determines the efficacy of information search.
Using a human-centered method, UFURT, we developed
an information search model and a taxonomy of search
tasks. Further, we developed prototypes to invegtigate the
relationship between search tasks and interface types.
Preliminary results of analysis reveal the requirement of
distributed information for search tasks and help
understand the complexity of the tasksin different types of
interfaces.

1. Introduction

Information plays a central role in organizational lifeda
everyday activities. Searching information often inge
many steps and requires toBI&. How the information is
distributed across a user’s head (internal representations
and information tools (external representations) tdfec
the efficiency of information searéti.

Distributed cognition plays a special role in understapdin
the interactions between people and technolBfies
According to the theory of distributed cognition, cognitive
activities are distributed across internal human minds,
external cognitive artifacts, groups of people, and across
space and timE* 2. Norman? argued that knowledge
may be as much in the world as it is in the head.
Therefore, the information carried by artifacts is as
important to the achievement of a task as the knowledge
residing in the mind of the artifact user.

Applying the theory of distributed cognition to
information search which is a cognitive process, it may
involve the coordination between internal and external
(material or environmental) structures. When searching
information in computers, the information displayed by
the user interface and the information in the user’s
memory jointly determines the performance level & th
search task.

According to Zhang's thedf, external information
presented in an appropriate format can reduce the
difficulty of a task by supporting recognition-based
memory or perceptual judgments rather than recall.
Proper design of the user interface for informationcear
can substantially increase the efficiency of human-
computer interaction in terms of increased task
performance, user satisfaction, user’s knowledge retentio
and decreased training time and error ¥te In many
tasks, such as the search tasks in our study, people often
use external artifacts to enhance internal memory and the
artifacts are often created specifically for the puepos
remembering. For example, a patient chart is desigmed f
reviewing a patient’s medical history. Proper external

representations support internal memories and therefore
enhance task performance.

In order to improve the quality of information searchsit
important to understand how internal and external
information interact with each other. During a disttéul
information search task, an information seeker often
needs to match the information in his head with the
information presented on the artifact. A typical taslamn
Electronic Health Record (EHR) system could be, for
example, finding all the abnormal values of the lipid
panels of a patient over the past 12 months. In disis t
the normal range required, if not presented on sciisen,
the internal information. The observed values, whieh ar
presented in the patient's record, are the external
information. How the information is distributed between
internal and external representation determines the
information search performarit

This study aims at developing an information search
model and a taxonomy of search tasks under a human-
centered theoretical framework which will help ddseri
and explain the difference of the information search
performance in different representations. We are also
interested in the relationship between types of inteda
and types of search tasks in terms of effectiveness and
efficiency for information search. We have two sfieci
hypotheses. First, information search with more external
information will yield a better task performance than
those with less external information. Second, depending
on the nature of tasks, the type of an interface affect
search performance in different ways.

2. Information M odels

Information search efficiency can be improved by several
factors that characterize human information behaviors.
These factors include choice of information sources,
searching strategies, methods of verification of
information reliability, and correspondence with earlie
datd”. Since distributed cognition provides an effective
theoretical foundation for understanding human-computer
interaction and is a useful framework for designing and
evaluating information searching tddts'?, the focus of
this research is on cognitive factors and their icagions

on human-computer interaction.

Studies on factors that affect human needs and
information search behavior focused on the process of
query formulation, execution, and results evaluatioh
1518 "Existing information search models define a search
task from the need of information seekers as welhas t
evaluation of results® ** %1 When these models are
applied to a domain, such as healthcare, with informatio
overload, time-pressure, and stress, they cannot
adequately address the distributive, interactive nature of
information search. In models designed for complex
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domains whereby the users and their tasks have a
multifarious and rich nature, the distributed information
resources should be consideré. The information
search model proposed here is from the resource
perspective. The choosing of proper information search
resources is vital in time critical, complex informatio
systems because proper resources or tools provide the
required information in a timely manner. This also rasult
from the interaction between internal and external
information.
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Figure 1. Three-level I nformation Searching M odel

The proposal is of a three-level model (Figure 1) for
information search. The three levels are goals, dgvice
and tasks. Different types of information search tasks
may require different internal and/or external inforntatio
depending on the nature of the device and the task. This
model indicates that the source selection is dependent on
the pattern of information distribution during the
execution stage in an information search task. The model
was not developed to replace any existing models of
information search. Rather it adds the distributed
information aspect to these models and fits well intanthe

Existing information models can be categorized into four
levels as follows (Figure 2):

Level one: Information behavior models. Wilson's model
is a representative model in this category. It focuses on

causes, consequences, and relationships among stages of establishes

an information-search activitf®. Allen’s gatekeeper
model Y refers to “a small number of key people to
whom others frequently turned for information. These key
people differed from their colleagues in the degree to
which they exposed themselves to sources of
technological information outside their organization.fy |
brief, information behavior models focus on sources and
channels of information.

Level two: Information seeking models are particularly
concerned with the variety of methods people use to
discover and gain access to information resources.
Representative models at this level include Dervin's
sense-making theoR?, Ellis's behavioral strategiés 24
and Kuhlthau’s stages of information search modelAt

this level, information seeking is considered as a
purposive seeking to satisfy the need to achieve a goal.

Level three: Information searching models are particularly
concerned with the interactions between user and

computer-based information systéifls Our current
study on distributed information falls into this catggor

Level four: Visual search models are about the cognitive
strategies that people use on specific displays. People
perform visual search in parallel, sequential, and/or mixed
search methods. The models at this level could belpf he
in explaining the information search performance in terms
of the patterns of information distributions.

Level 1: Information Behavior Models:
Sources and channels of information, including both active and
passive information seeking

Level 2: Information Seeking Models
Purposive seeking for information as a consequence of a
need to satisfy some goal

Level 3: Information Searching Models
Micro-level behaviors of a searcher
interacting with a specific information system

Level 4: Visual Search Models
Human perception and vision

Figure 2. Existing infor mation models
3. Methods

Zhang et al developed a method call@éBuRT (User,
Function, Representation, Task) for the design and
evaluation of human-centered distributed information
systenf”. UFURT is built upon the theory of distributed
cognition and a set of analysis techniques for human-
computer system design. It emphasizes functions, users,
tasks, and representations as indispensable compafents
a human-centered information system design. It provides
systematic principles, guidelines, and procedures for
designing human-centered information systems.

Theoretically, an information search interface degigme

the UFURT process ensures that the design matches the
information search task which leads to a better task
performance. Figure 3 shows th&uRT procedures and
their relations. In addition to thdFuRT process which

the mapping of users, functions,
representations, and tasks in an information system, we
also used GOMS (Goal-Operator-Method-Selection) task
analysis to reveal information distributions for raba
tasks. GOMS analysis is a widely accepted method for
analyzing human-computer interactiBffs Combining
GOMS with distributed cognition analysis provides us a
unique perspective on the internal and external
information required in each step of information search.
The results from these analyses will be used to préuict
efficacy of search tasks.

In brief, the UFURT process enables us to uncover the
search flows, steps, and internal and external information
requirements for a search task. The process decomposes
each search task into a finer granularity per interfac
whereby it can both explain and predict the search
efficacy.
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Figure 3. An Example of the UFURT process (Based on Zhang et (")

4. Development of Prototypes

Utilizing UFURT to the distributed information search
interface design, we developed several information search
prototypes for the flowsheet module of an EHR system.
According to the functional analysis, a record of a patie
constructs many relations of the represented infoomati
An information searching task is a process to seach f
specific information in the relations/dimensions. rSea

tasks can be categorized into direct search and
comparative search. A direct search is to find a 8peci
value under specific conditions. A direct search taskdcoul
further be divided into a dimensional search or relationa
search. A comparative search compares the valuenwithi
one dimension (within-dimension search) or between two
(between-dimension search). Examples for each type of
search are shown in Table 1.

Table 1. A taxonomy of information sear ch tasks

Direct Search

Compar ative sear ch

Dimensional Search Relational Search

Within-dimension Between-dimension

Definition Search for values on oneSearch for values on Compare values within one Compare values between
dimension multiple dimensions dimension multiple dimensions
Example Are there any abnormal In which month of 2003, Did the patient’s triglyceride Did the cholesterol ratio (total

levels of cholesterol in the the patient's LDL level
patient record? was abnormal?

level drop since the start of cholesterol/HDL) change over
his diet treatment? the past year?

The typical search task in this research requires both
internal and external information. Applying data scale
types to the taxonomy, each task has a set of opesati
which can be legitimately applied to data on the sgple. t
For example, a nominal search task in one dimensional
search may be: Is there any abnormal cholesterokval

the patient’s record? For answering this question, the
internal information required is the normal choledtero
range (<200mg/dL) when it is not shown on the interface,
while the observed values on the patient's chart age th
external information. The interaction of the interaad
external information may result in a nominal scale data,
i.e. a “yes or no” answer. In a similar way, thbeot
search tasks request the operations in ordinal, inteywal,
ratio scales.

In the experiments, tasks of dimensional search, relational
search, and tasks within-dimension search will be
conducted in three prototypes. These three prototypes we

developed are based on some EHR product having both
holistic views and separate views. The holistic view
carries a 12-month health data while the separate view
contains two 6-month health data on separate pages. |
order to browse or compare the values between thebsfirs
months and second 6 months, a physician has to
memorize the displayed values to compare. Therefage, th
information search process requires the internal
information be constrained by the design of the interfa
Likewise, the graphic view and mixed view both have
holistic and separate subtypes. Because of the different
representations, the search method for the samentask
text display is dissimilar to the one in a graph
representation. For example, to search for the h&tavie
weight in a year in the graph or mixed representation, one
just needs to look at the highest bar (point) in the giraph
order to get the corresponding month value.
Consequently, this type of task in a graph display may
have a better efficacy than text display (step 4 in Ei@)r
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Figure 4. Threetypes of inter faces with holistic view and separ ate view

5. Preliminary Results

During the employment of theUFuRT theoretical
framework to information search tasks per presentations,
we have investigated three types of search tasks
performed on three representations. Table 2 shows the
task analysis results including task steps and
internal/external information requirements. It not only
explains the complexity of each search task but also
describes the search performance on each interface. For
instance, task Il takes the most steps on average dad tas

II's internal/external ratio is also the highest in traph
interface. Thus, according to this analysis, task Il & th
hardest search task among the three.

We plan to conduct a series of experiments on search
tasks categorized by data scales. These experiments are in
the process of development and are expected to reveal the
pattern difference on presentations between scale ifypes
information search. Most importantly, they will examine
the analyses based on tH&URT design and evaluation
framework.

Table 2. Task analysisfor three search tasksin threetypes of interfaces

Steps Text Graph Mix

I nternal/External=ratio Holistic Separate Holistic Separate Hoalistic Separate
Task | 26 27 315 721 4-26 6-28

Are there any abnormal levels of _ _ _ _ _ _
cholestorol in the pationt record?  14/127L17  14/13=1.07  %=0.50 Y%=.75 2/2=1.00  2/4=0.50
Task Il 28 29 427 833 7-40 844

In which month of 2003, the patient's, g, 31 15 15/14=107  2/2=1 3/5=0.80  2/5=0.40  2/6=0.33
LDL level was abnormal?

Task [11 24 26 2 3 Z 5

Did the patient's triglyceride level diopy /151 09 12/14=0.86  0/2=0 0/3=0 0/4=0 0/5=0

since the start of his diet treatment?

6. Discussion

The results of analyses reveal the steps that ared¢ed

be performed in order to reach a goal. For each stap in
search task, the information needed to carry out @y st
can be either internal or external information. Acawogdi

to the analyses, the steps and the information reqfdared
each step dependent on an interface for a search task
jointly determine the efficiency, task complexity, ahe t
possibility of making errors. This research on internal
and external information in information search has both
theoretical and practical implications. It revealsvha
human information seeker interacts with artifacts in
information search tasks when conducted under different
distributed conditions. The framework of distributed

information search and the search task taxonomy
contributes theoretically to the study of information
search, distributed cognition, and the disciplines of
human-centered computing. The practical contribution is
an effective prediction and a better design of search
interfaces in consideration of data scale and distrdbute
nature of information.

The preliminary results we present in this paper were
obtained from theoretical analyses employing i@RT
design and evaluation framework. In previous studies in
other domains, we performed evaluation studies to
examine the validity of the theoretical predictioifie
results from these evaluations were consistent Viith t
theoretical predications. We are currently performing
empirical experiments to evaluate the results from
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theoretical analysis.

We believe thatUFuRT is applicable to the design and
evaluation of usability of interfaces for information isba
because it is a useful process that not only providégrdes
guidelines but also generates estimates of representational
efficiencies, task complexities, and user behavioral
outcomes. In the healthcare practice, physicianssesur
and other users spend a large amount of time reading and
searching healthcare data in medical records. The
prototypes of distributed information search tools Base
on human-centered computing and distributed cognition
will be applicable in the information search tool desifin
EHR which will support, facilitate, and enhance the
healthcare practice.
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